Abstract Relationship between lumbar disc degeneration and segmental instability has remained controversial. Using instability factors that found close relations with symptoms in flexion-extension radiographic study, their relationship with degenerative findings was examined. More than (C) 3 mm slip in neutral position (SN), C3 mm translation (ST), and C10°angulation (SA) at L4/5 segment were defined as instability factors and were applied on 447 patients who had low back and/or leg pain and satisfied inclusion criteria for accurate measurements. Radiologic findings for degeneration were disc height including three groups with different disc heights divided by mean ± 1 standard deviation, length of the anterior spur formation, presence of vacuum phenomenon, and endplate sclerosis. As results, group with SN factor was the oldest in age and the lowest in disc height; in contrast, group with SA was the youngest in age and the highest in disc height. The group with ST showed a mid-standing position in both age and disc height. These findings indicate that instability factors are intimately related to age and disc height. The three different disc height groups showed more anterior slip according to the progression of the disc height diminution. Presence of the apparent spur formation and/or vacuum phenomenon had an intimate relationship with the ST factor. Disc height was the most important in the examined parameters and showed an intimate relationship with age and instability factors. Although the etiology is still unknown, clinical common knowledge, that a diminution of disc height with progressive degeneration had a close relation with anterior vertebral slippage, was firstly confirmed. This study allows comprehensive understanding of segmental instability and is useful for considering surgical indications.
Introduction
A high incidence of degenerative findings in the lumbar disc is observed when patients with low back pain (LBP) and/or sciatica are examined by MRI. Moreover, disc degenerations are largely observed in elderly patients and often does not relate to neurological signs and symptoms. These findings have led to a general belief that there are no specific signs related to LBP [1, 13, 16] .
Another important factor related to LBP is instability indicating excessive motion around the disc segment. Previously several authors have studied the relationship between instability and LBP using various types of equipments [11] , measurement methods [24] , and clinical and experimental studies [5] . In their results, some authors reported a strong relationship [7, 22, 24] , but the others did not [1, 13, 16] or weak relationship [18] , showing that the definition of instability to suggest a treatment decision had not been determined. Because large numbers of lumbar fusion surgery were indicated by using X-ray, CT, and MRI examinations, thus the radiology and MRI are still important measures to judge lumbar instability [8] .
MRI evaluation of disc degeneration is usually performed in a static supine condition. Previously, the current authors reported the relationship between instability and clinical symptoms by using flexion-extension radiography in standing condition [7, 8] . In this research, we investigated the controversial topic of whether spinal degeneration at the motion segment has an intimate relationship with instability. Some authors have insisted there is a close correlation between disc degeneration and instability [11, 15] , while several others have disputed this [14, 21] . In this study, we examined radiologic and MRI findings around L4/5 segment of patients with LBP and/or sciatica. There is general agreement that the presence of degenerative changes in the disc itself is not a reliable sign of LBP, therefore the purpose of this study is to establish what types of segmental degeneration have a relationship with instability using a measuring method we developed.
Materials and methods
In recent 3 years, 637 outpatients with LBP and/or leg pain underwent radiologic and MRI examinations simultaneously within a 2-month interval. The radiologic examinations were performed in standing position. MRI scans were obtained using a 1.5 Tesla clinical magnet (Magnetron Vision, Siemens, Germany) with sagittal T2-weighted imaging sequence (TR: 3400 ms, TE: 120 ms, FOV: 280 mm, sliced with 5 mm). Patients were scanned in supine position with knee flexion.
In order to obtain a more precise segmental instability rating, 190 patients with conditions which might impede accurate measurement of instability were excluded from the study. The exclusion criteria were infection, tumors, trauma, previous surgery, spondylolysis, spondylolisthesis at other segments, scoliosis with C10°, osteoporosis with compression fracture, and unsuitable radiographs to measure. The remaining 447 patients, 268 men and 179 women, were included in this study and their age range varied from 10 to 86 years (mean ± SD: 53.0 ± 19.8).
Evaluation of instability
Sagittal segmental instability at L4/5 disc measured using three lateral radiographs at neutral, extension, and flexion position, was assessed by three variables: L4 anterior slip on L5 in neutral position (SN), sagittal translation (ST), and segmental angulation (SA) [6] [7] [8] . Measurement of each slip was performed using the method basically described by White and Panjabi [25] , which has only three landmarks for the measurement: the anterior edge and the posterior edge of upper endplate of L5, and the inferior posterior edge of L4. It was considered that a less variable result could be obtained with this system compared with other methods using more than three landmarks [20] . The amount of sagittal translation was obtained as the difference of the displacement between flexion and extension. Segmental angulation was also measured as the difference of intervertebral angles from extension to flexion. Detailed measurement methods were described previously elsewhere [6] [7] [8] . Then, C3 mm slip in neural position (SN), C3 mm translation (ST), and C10°angulation (SA) were provisionally defined as excessive motion (instability) factors in this study.
Evaluation of degeneration
Radiologic degenerative evaluation was performed by examinations of disc height, spur formation of the anterior vertebral edges, vacuum phenomenon observed in flexionextension films, and endplate sclerosis [14, 18] . Disc height ratio was obtained as a quotient of mean of anterior and posterior disc heights divided by inferior AP diameter of L4 vertebra to correct body size [5] . Mean disc height ratio of all patients was 0.232, and they were classified into three height groups divided by ±1 standard deviation. Disc height C0.291 was defined as the high disc height (HDH) group (68 patients), C0.173 and \0.291 was the medium disc height (MDH) group (312 patients), and \0.173 was the low disc height (LDH) group (67 patients). Bony spur formation was measured as the sum length of the upper and lower anterior spur at the segment. The presence of vacuum phenomenon and endplate sclerosis were judged as present or not present. Evaluation of the disc degeneration by MRI was performed according to a criterion proposed by Pfirrmann et al. [19] ; grade 1 to 5 from normal to severe degeneration. Radiologic and MRI examinations were performed by three examiners unaware of the patient's conditions. Difference in the measurement values of the observers was determined by discussion.
Group definition
Patients were divided into 8 groups based on their instability factors [8] . Group ) ; and group H, 280 patients, had none of above factors (51.4 years). The relationship of disc height, spur length, vacuum phenomenon, endplate sclerosis, and disc degeneration by MRI findings with various types of instability were examined except for the group C because there was only one patient in that group.
Statistical analysis
Statistical examination was performed using one way ANOVA (Fisher's PLSD) and p value less than 0.05 was defined as significant.
Results

Disc height and instability factors
Among the groups, group G with SA factor alone was characterized by the young age (mean, 40.1 years) and the highest disc height. In contrast, groups A, B, and D with SN factors (closed bars) demonstrated higher age and lower disc height (Fig. 1) . To simplify the effect of instability factors, the three groups having only one factor alone and group H, without any factors, were compared (Fig. 2) . Groups D, F, and G were ordered in age, with D being the oldest, group F in the mid-range, and group G the youngest. Disc heights were also ordered from the oldest age group with the lowest height, the mid-age group with a mid range height, and the youngest age with the highest disc. These findings indicate instability factors are intimately related with age and disc height. Group H without factors was positioned in the middle of the groups both in age and in disc height comparisons (Fig. 2) .
The above findings were confirmed by another study. The three disc height groups divided by ±1 SD showed that the L4 vertebra of the LDH group slipped most anteriorly among the groups, followed by the MDH and then HDH group (Fig. 3) . The difference of mean slip between the HDH group and LDH group reached 2 mm, and statistically significant differences were observed between them. The degrees of segmental angulation among the groups were also statistically different, demonstrating that the HDH group had the largest angulation and the LDH group the least angulation (Fig. 4) .
Spur length and vacuum phenomenon
Spur length around the L4/5 segment was the longest (C5 mm) in group F with ST alone factor and group H with no instability factors compared to the other groups with 2-3 mm length (Data not shown). The incidence of vacuum phenomenon was the highest (20.6%) in group F with ST alone, followed by group D (11.8%) with SN alone. In contrast, group G with SA alone and the group E with ST and SA factors showed low incidences of 2.2 and 3.1%, respectively (Fig. 5) . The number of patient who had each degeneration grade on the L4/5 disc were classified as 29 cases in grade 1, 37 cases in grade 2, 127 cases in grade 3, 171 cases in grade 4, and 83 cases in grade 5 (Fig. 6 ). More than 85% of the patients showed grade 3 (inhomogeneous, gray) or more disc degeneration in this series. The disc height of grade 2 was the highest followed by grade 1, grade 3, grade 4, and finally grade 5. The disc height of the grade 5 group had statistically significant shortening than the other grades (Fig. 6 ).
Vacuum phenomenon and endplate sclerosis
The appearance rate of vacuum phenomenon was zero in grade 1 and 2, and low in grade 3 (3.6%) and grade 4 (4.8%), however, it remarkably increased to 30.0% in the grade 5 degeneration group. Similarly, the incidence of endplate sclerosis was zero in grade 1, 3.1% in grade 2, and 11.6% in grade 4, and finally 36.2% in grade 5 degeneration showing that these vacuum phenomenon and endplate sclerosis start to appear at the middle stage of degeneration and became the most frequent in the end stage of disc degeneration (Table 1) . (degree) Fig. 4 Relationship between disc height and segmental angulation. According to the decrease in disc height, less angulation was observed. HDH high disc height, MDH medium disc height, LDH low disc height 
Discussion
Information about disc degeneration and segmental instability in the lumbar spine is obscure. Previously, the authors reported relationships between the instability factors used in this study and the severity of symptoms using flexion-extension radiography with special attention to the minimization of variance [7, 8] . It was revealed that C3 mm slip had a higher influence on severity of symptoms than a factor of C3 mm translation, and C10°angu-lation had the least effect on symptoms, however, there was a greater effect on severity and longevity of symptoms when this factor was combined with other factors [7] . Considering that disc degeneration and LBP increase with age and are common among the elderly generation, a relationship between lumbar disc degeneration and instability is strongly suspected. The current study, therefore, represents a second stage of that study and thus evaluates the relationship between the segmental instability and degenerative findings detected by radiography and MRI. In the degenerative findings, disc height showed an apparent relationship with age and instability. A lower disc height was closely related with older age and C3 mm slippage. In contrast, a higher disc height was related to a younger age and larger segmental angulation. Murata et al. [15] examined lower lumbar segments in 109 patients using radiograph and MRI and pointed out that the severity of disc degeneration had a correlation with an older age, lower disc height, and less segmental angulation. However, they found no relationship between degeneration and translation, probably due to the use of different measuring methods providing more than four landmarks [2] . Increased anterior slippage, degenerative spondylolisthesis at L4/5 segment, with diminution of the disc height was frequently observed among the elderly, however, this finding was firstly confirmed and described in our study. The etiology of the anterior slippage is still not clear. In addition to degeneration of the disc and facet joint, many factors such as gravity, spinal alignment, weakness of trunk muscles, damage of ligaments and soft tissues related to genetic abnormality were reported previously (Fig. 7) [9, 12, 17] . The increased segmental motion in flexion and lateral bending position compared to extension position in a previous cadaveric experiment may explain this phenomenon [26] .
Spur formation at the motion segment often occurs at the edge of the endplate and/or facet joints. Eubanks et al. [3] found that osteophytes of the facet joint occurs in the population younger than 30 years at the upper lumbar segments, but is observed as more vertebral rim osteophytes in the lower lumbar segments at all levels except for L4/5 and L5/S1 in the population older than 40 years. The spur formation around the motion segments, therefore, may not be a good indicator of segmental instability at the lower lumbar segments. Other degenerative findings, vacuum phenomenon and endplate sclerosis, were observed in the end stage of the disc degeneration. The lower disc height with less segmental motion was thought to be stable and clinically not harmful [4, 10] . However, prominent anterior spur formation and/or vacuum phenomenon showed a close relationship to sagittal translation which was an important factor for instability [8, 23] .
There are several limitations in this study. Even though less variance has been reported using this measuring method [20] , selections of films were variable and the accuracy of the measurement was limited by sight. Secondly, although we attempted to enroll a large number of patients and examine them both with radiology and MRI simultaneously, after exclusion criteria were met rather small patients groups were available. Finally, this is a restricted study examining only the L4/5 segment. No further information from the neighboring segments was obtained.
In conclusion, the disc height showed an intimate relationship with age and instability, and furthermore the Fig. 7 Scheme showing considerable mechanism of the anterior slip with progressive disc degeneration. According to the diminishing disc height with progressive degeneration, increased anterior slip was observed. Factors such as spinal alignment, trunk muscle, ligament and soft tissues, and facet orientation and tropism, are thought to be promoting factors in addition to the degeneration of discs and facet joints principal part of the instability factors changed across age decades: C10°angulation, C3 mm translation, and finally C3 mm slip. According to the progression of disc degeneration, disc height decreased and anterior slippage occurred. Spur formation, vacuum phenomenon, and endplate sclerosis were not the primary indicators for segmental instability, but the presence of apparent anterior spur formation and/or vacuum phenomenon should be considered as evidence of segmental instability of translation. Combination of the C3 mm slip and the C3 mm translation were closely related to severe symptoms and considered to be critical for surgical indication previously [8] . This study revealed comprehensive information about lumbar segmental instability related to LBP. Due to the aforementioned limitations, more detailed study examining all segments separately is necessary to confirm the results.
